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Non-technical summary
The resource-based view of the firm is characterized by the idea that capital, labor and natural resources are the factors influencing the economic growth of a company. In the last decades, the awareness of knowledge as an important driver of economic growth has increased, and led to the development of a knowledge-based theory of the firm stating that a firm has to create value through the generation, application and capitalization of knowledge.
Our objective is to investigate how knowledge management influences the innovation performance of a firm. While former studies mainly focused on knowledge management cycles in the firm, we investigate knowledge management from another perspective, i.e. different knowledge management techniques. a) A firm can codify its explicit knowledge facilitating the use and distribution of this knowledge. Due to the rise of networked computers, codification, storage and sharing of knowledge becomes easier and cheaper. b) Not all knowledge embedded in a firm's staff is codifiable a-priori, therefore it is often referred to as tacit knowledge. For exchanging tacit knowledge, interpersonal contact is needed. It is important to stimulate employees to share knowledge e.g. via pecuniary reward systems or the creation of a collaborative knowledge-sharing environment. c) Not all knowledge can be generated internally and therefore external sources of knowledge need to be generated. This external knowledge generation can be done by specific resources to detect and gather external knowledge or to attract external experts to cooperate with project groups. External experts can be universities and research institutions on the one hand or other companies on the other hand.
This study conducts an analysis based on the Belgian CIS survey. It shows the heterogeneous influence of three knowledge management techniques on product and process innovation. More specifically, if a firm wants to reduce costs, it is more valuable to invest in stimuli for employees to share knowledge and to implement a codified knowledge management policy. If a firm, however, aims at introducing new products, it appears to be more beneficial to source external knowledge. In conclusion, it is important for a firm to carefully select the techniques of knowledge management depending on the goals in its innovation strategy. Empirical research indicates significant differences in performance across firms.
Das Wichtigste in Kürze (Summary in German)
Theories of the firm built on this and try to understand the factors which contribute to this performance difference across firms. Penrose (1959) indicated for the first time the importance of resources to the firm which led to the development of the resource based theory of the firm. Traditionally this was based on the view that a) capital, labor and natural resources are the factors of value creation, b) that these resources are scarce (Teece et al., 1997 , Barney, 1986 , and c) that they cannot be easily imitated by competitors (Penrose, 1959) . Consequently, a firm possessing unique resources can create a competitive advantage through an effective and innovative management of these resources.
The concept of knowledge has gained in interest since industrialized economics have induced a shift in importance from (natural) resources towards intellectual assets (Hansen et al., 1999) . This awareness of the importance of knowledge as a key driver of economic growth led to the development of a knowledge-based theory of the firm. For being able to create value, a firm has to possess knowledge with certain characteristics such as e.g. transferability, capacity of aggregation and appropriability (Grant, 1996; Teece et al., 1997; Wernerfelt, 1984) . Grant (1996 Grant ( , 1997 characterizes the knowledgebased theory of the firm as an 'outgrowth' of the resource based theory because knowledge is perceived as the strategically most important resource. He argues that this
is not yet a theory of the firm because there is not enough consensus when it comes to its precepts or purpose and its analysis and predictions.
Research concerning knowledge management so far has mainly focused on the knowledge management cycles e.g. knowledge creation, retention and transfer (Argote et al., 2003; Bhatt, 2001; Darroch, 2005; Kalling, 2003; Hall et al., 2003; Chen et al.; Zhen et al.; . We investigate knowledge management from another perspective. We explore which type of knowledge management practice contributes to innovation performance where we differentiate between product market innovation and efficiency gains in production through newly implemented processes. Hansen et al. (1999) distinguish two different knowledge management strategies.
The codification strategy attempt s to codify explicit knowledge. The rise of networked computers has made this codification, storage and sharing of knowledge easier and cheaper. Not all knowledge embedded in a firm's staff is codifiable a-priori. Knowledge is often closely tied to the persons who developed it; therefore it is often referred to as tacit knowledge. Tacit knowledge needs to be shared via interpersonal interaction. It is realistic, however, that firms cannot create all the knowledge they need internally.
External knowledge needs to be acquired then. In this context, Chesbrough (2004) indicates the importance of open innovation where external sources of knowledge and external channels to the market need to be added to the internal knowledge to generate additional value.
Based on this, we distinguish between three knowledge management techniques: a codified knowledge management policy, stimuli for employees to share (tacit) knowledge and the acquisition of external knowledge. Our empirical study investigates whether firms that use particular techniques realize a higher innovation performance with respect to new product sales (product innovation) and unit cost reduction of production (process innovation). Results point out that it is important for a firm to adjust their usage of knowledge management techniques based on the kind of innovation to be obtained. The use of external knowledge has a significant and positive effect on product innovation. If a firm wants to obtain a process innovation, stimuli for employees to share knowledge and a codified knowledge management policy appear to be of significant importance. These results hold in a number of robustness tests including instrumental variable specifications.
In the following section we will go into more detail concerning the use of knowledge management techniques discussing their advantages and drawbacks which leads to our hypotheses that will be explored empirically. Section 3 introduces the data, and presents descriptive statistics. In section 4 the econometric results are discussed.
Section 5 concludes.
Background
Firms can obtain a competitive advantage over the other firms when they possess knowledge which is firm specific and if they manage knowledge in a way that is difficult to imitate (Earl, 2001) . For a firm it is important to continually manage knowledge, internally and externally (e.g. Marqués and Simon, 2006; Darroch, 2005; Kalling 2003; Chesbrough, 2003; Bierly et al., 2009) . Moreover, existing and emerging needs have to be evaluated (Quintas et al., 1997) . From the managerial perspective of the firm, it is of course important to assess whether the benefits of the implementation of certain knowledge management tools outweigh the cost. Therefore we will discuss some possible advantages and drawbacks of knowledge management. Hansen et al. (1999) distinguish two different knowledge management strategies based on observing management consulting companies. They also investigated these strategies in the ICT companies and health care providers, and argued that these strategies are applicable in multiple industries.
1 1 Hansen et al. (1999) point out that by focusing on one of the strategies and using the other in supporting role, a company can excel others. An optimal situation according to split. This model has been refined by Scheepers et al. (2004) . They agree on the importance of an 80-20 split but this only at the onset of strategy implementation. This helps to set an initial strategic direction and suitable priorities. Over time though, it might be necessary for a firm to adjust its knowledge strategy mix towards a more balanced approach.
1. The codification strategy attempts to codify explicit knowledge. Codification makes it easier to disseminate knowledge across individuals, departments, divisions or subsidiaries, which makes the transfer possibly less accidentally, less time consuming and ultimately may yield economies of scope. Reusing and leveraging existing knowledge can also save time and costs relative to creating new knowledge from scratch (Watson et al. 2006) . The rise of networked computers has made this codification, storage and sharing of knowledge easier and cheaper. When a firm wants to codify explicit information, IT is an important factor, also referred to as knowledge management systems. However, it should be noted that the successful implementation of a codification strategy does not come at zero cost. The relevant
but not yet systematized knowledge has to be identified, codified, stored and, possibly most important, maintained and be kept up-to-date. This clearly requires time and effort in addition to the pure capital investment for an appropriate infrastructure, i.e. hardware and software (see e.g. Choi et al., 2003) . The latter argument relates to a theoretical model by Watson et al. (2006) who emphasize that a successful implementation of knowledge management systems requires a) the willingness of individuals to contribute their knowledge to the system, and b) that employees access and reuse the knowledge embedded in this system. 2. Not all knowledge embedded in a firm's staff is codifiable a-priori. Knowledge is often closely tied to the persons who developed it, and therefore it is frequently referred to as tacit knowledge. Tacit knowledge is personal and deeply rooted in the actions, skills, experience, ideals, values and emotions of individuals (Sveiby, 1997; Nonaka, 1994) . Tacit knowledge needs to be shared via interpersonal interaction. This is done in brainstorming sessions and face-to-face conversations. Therefore it is necessary to stimulate employees to cooperate with each other and share information within the company so that present tacit knowledge is distributed. When a firm has to deal with tacit knowledge, the role of IT is subordinate. Tacit knowledge is mostly transferred interpersonally since the analytic and creative skills are embedded in the person. One-on-one mentoring and informal training programs, which are costly and time consuming, are typically used to guide personnel (Choi et al.; . It is also of importance that an environment where communication and cooperation are highly valued is created. Soliman et al. (2000) indicate the value of the creation of a culture that encourages the meeting of organizational goals via the free flow of knowledge. Sharing of knowledge can also be stimulated through personal incentives such as a pecuniary reward system. So far, we have only discussed knowledge creation internally. It is realistic, however, that firms cannot create all desirable knowledge internally. The firm is part of a larger, complex environment. For a firm to be able to cope with this environment it needs to be flexible, e.g. by acquiring and internalizing external knowledge (see, among many others, von Hippel, 1988; Katila, 2002; Katila and Ahuja, 2002; Chesbrough, 2003; Laursen and Salter, 2006; Gassmann, 2006) . With respect to knowledge management, Johannessen et al. (1999) develop a theoretical model that, among having relationships in teams and a performance culture as well as organizational learning systems, stresses the importance of external connections in addition to internal knowledge management.
3. External knowledge generation can be done via acquisition of external knowledge resources or through cooperation with external agents, such as consumers, suppliers, competitors, research institutions and consultants. In this context, it is important that the firm maintains the necessary absorptive capacity (see Cohen and Levinthal, 1990 ) to optimize the appreciation and utilization by the employees of newly gained knowledge. The Not-Invented-Here (NIH) syndrome relates to the phenomenon that internal relative to external knowledge is highly valued, that is, a possible presence of internal resistance against external knowledge (see e.g. Katz and Allen, 1982; Lichtenthaler et al.; 2006) . However, Menon and Pfeffer (2003) conducted case studies and used survey data for discussing the difference between the appreciations of managers towards the value of internal versus external resources. They find that organizational reality contradicts this NIH-view frequently and that firms do not only acquire external knowledge on a regular basis, but that frequently a preference for outsiders' knowledge exists (see Allen 1971 , 1977 , Brown and Eisenhardt, 1995 for earlier, related work). Besides potential drawbacks stemming from the NIH syndrome, transaction costs involved with the acquisition of external knowledge may be substantial. Cooperation with external partners involves uncertainty, e.g. frequency of transaction recurrence and how parties deal with the idiosyncratic aspect of the investment in collaborative effort. Clearly, the involvement of external consultants also induces monetary cost. Moreover, contracts can never be designed optimally for both parties (see e.g. Williamson, 1979) . Thus, good coordination is required to optimally benefit from external knowledge, and the acquisition of external knowledge may be costly.
The trade-off between cost and benefits of implementing different knowledge management techniques calls for empirical investigations on the impact of knowledge management on firm performance.
2 While the importance of knowledge assets has long been understood in the scholarly field 3 , the literature on knowledge management and firm performance or innovation performance is scarce and ambiguous. Marqués and Simon (2006) Again, the multivariate results do not confirm a positive effect between knowledge and overall firm performance, though.
The positive link between knowledge management and firm performance is also questioned by Kalling (2003) . For his analysis qualitative data from three knowledge ventures within a European manufacturing multinational company were used. His study 3 In the economic literature, many empirical studies consider the market valuation of knowledge assets (see e.g. the survey by Czarnitzki et al., 2006) , the productivity of knowledge assets (see, among many other papers, e.g. the book by Griliches, 1998) or profitability of knowledge assets (e.g. Ravenscraft and Scherer, 1982 , Jaffe, 1986 , Czarnitzki and Kraft, 2009 ). An example from the management literature that goes one step further is Decarolis and Deeds (1999) . They quantitatively analyze the relationship between stock and flows of organizational knowledge and firm performance in the biotech industry and confirm that knowledge positively effects overall firm performance. Bogner and Bansal (2007) found similar results when relating measures of knowledge flows to profitability and growth. Their knowledge flows and management variables are constructed based on references in patent applications of the firm. For instance, a higher share of self-citations is interpreted in more efficient internal knowledge management. Wu and Shanley (2009) use patent information to build a knowledge stock. They find that the existing knowledge stock indicates a significant moderating role between exploration and innovative performance.
indicates that although knowledge development is a frequent phenomenon, the utilization of it is not so widespread. This may point to the high cost of proper maintenance and implementation of knowledge management practices. Even when knowledge is utilized, it may not always result in an improvement in profitability.
Kalling emphasizes the importance of coupling specialists' knowledge with generalists' business overview. General Managers need to be active in managing the entire business, not just those activities that are directly affected by knowledge.
Our research design and the contribution of this paper
The existing literature documents a theoretical link between knowledge management and innovation performance and overall firm performance, but the empirical results are not so clear-cut. Utilizing a newly created firm-level database we distinguish three different knowledge management practices, as suggested by the theoretical contributions mentioned above, and relate these to innovation performance of the firm. However, we go one step further and break "innovation" into three different performance indicators. We differentiate between process innovation and product market innovation, where the latter is split into products new to the market and products only new to the firm, i.e. imitation.
We consider the following knowledge management practices: a) implementing and maintaining a codified knowledge management policy/system, b) stimuli for information sharing among employees, and c) the active acquisition and use of external knowledge sources.
The codification of knowledge makes it possible to use it more efficiently, and to re-use it. This saves work and reduces communication costs (Hansen, 1999 , Watson et al., 2006 . Codified knowledge management typically involves the availability of manuals and databases documenting firm-specific knowledge mainly concerning internal management practices and procedures. Therefore, we argue that the codified management policy does not only concern employees with management functions, but to a large extent also staff at the bench-level. Hence, we clearly expect a positive effect on process innovation.
Hypothesis 1: The use of a codified knowledge management policy has a positive effect on process innovation.
The rejection of this hypothesis may support the fact that the retrieval of documented data might be cumbersome and thus not frequently performed, i.e. the cost of utilizing this management practice may be too high.
A similar null hypothesis may be stated for product innovation:
Hypothesis 1a: The use of a codified knowledge management policy has a positive effect on product innovation.
However, we do actually not expect to find support for this hypothesis in our data.
Although reviewing internal knowledge carefully and combining it in an innovative way, may certainly result in incremental product innovation, it may not lead to entirely new products that were not existing on any market beforehand, nor may it help to imitate existing products of rivals. As our product innovation measures do not account for incremental innovation, we do not expect broad support for hypothesis 1a in our specific application.
Second, implementing reward systems for stimulating the information sharing among employees supplements codified knowledge management policies for types of knowledge that are tacit and cannot be codified. Therefore, we also expect a positive effect on process innovation, as these originate from problems or opportunities a firm's staff is confronted with every day. Sharing ideas and insights among staff members may certainly contribute to product innovation, too. Similar to hypothesis 1, however, more detailed data than ours may be necessary to uncover such effects. Czarnitzki and Kraft (2008) had data where they could distinguish between reward systems aimed at staff with management tasks and others aimed at bench-level personnel. They confirm that bench-level measures foster process innovation. For product innovation, however, instruments aimed at managers or, for instance, at members of the marketing or sales department may be needed rather than assembly line staff that only focuses on the current production process of a good.
Unfortunately, our data is not detailed enough to distinguish such instruments.
Therefore, we do not necessarily expect strong effects on product innovation.
Third, external knowledge is certainly important for the introduction of new products (e.g. Brown and Eisenhardt, 1995) . New products or services are introduced to satisfy customer needs, and thus these needs have to be identified. Good management of external communication with customers may influence the ability of a firm to impose a dominant design (Utterback, 1994) and in that way may give the firm an advantage over its competitors. Suppliers can also help to identify new features of a product. Since the environment of the firm is changing, it is possible that competitors are ahead when it comes to the development of a new product. Information obtained from competitors may therefore also supply valuable knowledge, especially for imitating new successful products. There is a high possibility that the resources or capabilities needed to produce a product satisfying new needs are not yet available in the firm. Therefore it is useful to generate knowledge from external sources.
Hypothesis 3: The generation of external knowledge has a positive effect on product innovation that includes both market novelties and imitation.
The rejection of this hypothesis may imply that it is difficult to collect unique knowledge exclusively used by the acquiring firm. Mansfield (1985) conducted a survey in U.S. high-tech industries, where managers estimated how long it takes that new, unique knowledge leaks out to competitors. The results were striking. The loss of knowledge due to spill-overs because of the transition of personnel, or information exchange through joint customers, suppliers or consultants has, on average, been much faster than the standard product life cycle predicts. Thus, it may turn out to be difficult for firms to outperform competitors with market novelties, for instance, when the firm is pursuing a very open innovation strategy that relies to a large extent on external experts.
Hypothesis 3a: The generation of external knowledge has a positive effect on process innovation.
Although it is surely possible to hire external experts to optimize processes within the firm, the majority of external knowledge that a firm may screen may not help to significantly improve processes with respect to cost savings as the knowledge involved in production processes is typically more tacit and not as accessible as information on products that are present on markets or documents in patents, for instance. Therefore, we do not expect strong support for hypothesis 3a in our data.
Data sources, variables and descriptive statistics
The data is taken from the Flemish Community Innovation Survey ( The second variable only considers those product innovations within NEWPROD% that were new to the market, i.e. there is no other firm that has previously sold this product (MARKET%).
For a robustness check we also use dummy variables instead of the percent information for all variables. Those are called MARKET, NEWPROD and COST, respectively.
Explanatory variables: knowledge managements
Within the CIS survey, firms were requested to indicate the usage of three different knowledge management practices. According to the OSLO-Manual, the guidelines for collecting innovation data within the CIS, knowledge management involves " […] activities related to capture, use and sharing of knowledge by the organization" (Eurostat and OECD, 2005) . KMEMPL focuses on the personnel side and indicates whether the company applies stimuli for active knowledge sharing among employees. 
Explanatory variables: controls
While we are mainly interested in the relationship between the knowledge management practices and the different dimensions of innovation performance, we control for a number of other factors in our regression analyzes.
A crucial innovation input is research and development (R&D). We measure a firm's R&D intensity (RDINT) as R&D divided by total sales. Furthermore, we include whether a firm makes use of formal intellectual property protection, as it may increase performance due to the blocking of imitation (at least to a certain extent). PATENT and TRADEMARK are dummy variables indicating whether a company has filed a patent application or a trademark, respectively. Furthermore, we control for market structure by including two dummy variables. Table 5 in the appendix for some descriptive statistics by industry including the sector description.) 50% of the firms that have some form of knowledge management introduce a new product, 40% of these firms introduce a product new to the market and 27% reduce their costs. For firms that do not have any form of knowledge management these percentages are lower with only 21% introducing a new product, 16% a product new to the market and 12% achieve a cost reduction. In terms of the extent of product and process innovation, the firms employing knowledge management also score higher. On average, they achieve 13% of their total sales with new products where about 7 percentage points stem from market novelties. With regard to cost reductions, they realize 2.4% on average. These numbers are about twice as high as the corresponding figures for the firms not employing any knowledge management practices.
66% of the firms that have at least some form of knowledge management use the stimuli for employees, 74% use the codified knowledge management policy and 65% the external knowledge.
Firms with some form of knowledge management are, on average, larger in terms of employment, 156 employees compared to 70 in companies without any form of knowledge management. They also have a higher R&D intensity, (2.3% versus 0.7%).
Firms with some form of knowledge management also have a more developed intellectual property policy: 18% have filed at least one patent compared to 4%, and 19% have applied for at least one trademark compared to 7%. When it concerns market concentration, firms without knowledge management are more often in a market with high competition. 58% of the firms with knowledge management are part of a group compared to 40% of the firms without knowledge management. The two groups of firms are similar in terms of age and capital intensity. Based on the bivariate descriptive statistics, it turns out that firms maintaining some knowledge management are more successful in both introducing new products and
processes. Yet, the two groups of firms also differ systematically in some characteristics, such as R&D input and firm size. This makes a multivariate analysis on performance necessary. It remains to be shown that implementing knowledge management techniques yields higher innovation output when other differences in firm characteristics are taken into account.
Estimation results
For the multivariate analysis, we employ standard microeconometric techniques. where X represents a matrix of regressors, β are the parameters which have to be estimated and ε is the disturbance term.
If the assumption of homoscedasticity is violated in Tobit models, regressions may result in inconsistent coefficient estimates. Consequently, we also estimated heteroscedastic models where we model the variance as groupwise multiplicative (see Greene, 2000: 913) . The heteroscedasticity term includes size class dummies (based on employment) and the twelve industry dummies. Performing LR-Tests on heteroscedasticity showed that the assumption of homoscedasticity is rejected in all cases. Therefore, we only present the heteroscedastic models' results.
The coefficients in a Tobit model cannot, unlike in OLS models, directly be interpreted as marginal effects of the regressors. The coefficients describe ( )
, that is, the effect on the latent variable. As we are more interested in the effect on the observed variable y i , however, we directly report the marginal effects calculated as (see Greene, 2000: 909) :
where Φ stands for the standard normal cumulative distribution function. As common in the literature, we report the marginal effects at the mean for the continuous regressors, and for a jump from 0 to 1 for dummy variables on the right-hand side. Standard errors for the marginal effects are obtained by the delta method (see Greene, 2000: 357-358 ).
The estimation results are reported in Table 2 . As expected in our hypothesis 3, involving external knowledge in the innovation process has a positive impact on both NEWPROD% and MARKET%. The marginal effects amount to 3.7 percentage points and 1.9 percentage points, respectively. As already suspected, the other two knowledge management practices focusing more on internal processes have no significant effect on sales with new products or market novelties only (see hypotheses 1a and 2a). However, we find support for the hypotheses 1 and 2. The incentive mechanisms for knowledge sharing among employees have a significant and positive effect on the success of process innovations. Firms employing this management technique achieve 0.4
percentage points more cost reductions than other firms. Given that the overall average of COST% is about 1.8%, the marginal impact of KMEMPL is not negligible. In relative terms, firms using employee incentive systems reduce cost about 40% more than others. For the codified management policy, we also find a positive effect with respect to cost reductions, but it is only weakly significant at the 10% level. The marginal effect amounts to 0.3 percentage points. As we already argued, we do not find support for the hypothesis 3a, that is, there is no significant impact of external knowledge management on process innovation.
The results concerning the control variables are basically as expected. Larger firms achieve higher values on all three measures of innovation performance which is possibly due to economics of scope. The R&D intensity also has a positive effect on all three dependent variables, but is only significant at the 10% level for the cost reductions. We also find that both patents and trademarks have positive effects on the innovation performance as one would expect. The eleven industry dummies are jointly significant in all regressions indicating that there are differences in innovation performance across sectors that are not captured by the other covariates. Interestingly, the two dummies measuring competition are not individually significant. However, they are jointly significant in all three regressions at the 10% level, and describe a humpshaped relationship. Firms in (wide) oligopolies achieve higher innovation output than firms in more monopolistic or very competitive markets. 
Robustness test: Probit estimation
As first robustness check, we estimated Probit models with dummies as dependent variables. The variables NEWPROD, MARKET and COST take the value one if a firm reported a positive value on the corresponding performance variable and zero otherwise.
The following regressions are equivalent to the Tobit analysis except that the percentages of the dependent variables are replaced with the dummy variables.
Again, the assumption of homoscedasticity is rejected in all cases. However, for the COST regression, the LR tests indicated that it is sufficient to include the four size class dummies in the variance term. As can be seen in Table 3 , the results of the Tobit models are basically confirmed in all cases. Only in the cost equation, the significance levels of the knowledge management variables reduce slightly which is not surprising as the dependent dummy variables carry of course less information than the percentage variables. The marginal effects are calculated for the probability that y i = 1, i.e.
( )
where φ denotes the standard normal density function.
A firm involving external knowledge acquisition or cooperation with external experts has a 12 percent higher probability of introducing new products. For the market novelties, this probability even amounts to almost 17%. The employee incentive systems and the codified management policy increase the chance of cost reductions by about 4% each. However, the effects are only weakly significant at the 10% level.
The results concerning the control variables are very similar to the Tobit case, and therefore not discussed in detail. Marginal effects are calculated at the sample mean for the continuous variables and calculated for jumps from 0 to 1 for the dummy variables. Standard errors of marginal effects in parentheses (obtained with the delta method). *** (**, *) indicate a significance level of 1% (5%, 10%). All models include an intercept not reported here. The heteroscedasticity term includes 4 size class dummies (based on employment) and the 11 industry dummies in case of NEWPROD and MARKET, but only 4 size class dummies in case of COST (the industry dummies were jointly insignificant in the variance term).
Further robustness test: endogeneity
One might be concerned that the implementation of knowledge management techniques is to a certain extent endogenous to innovation performance. A firm that is highly innovative on all accounts may also be more likely to adopt knowledge management practices. Consequently, we tested for potential feedback effects from the dependent variables for our Tobit models (as the dependent variables contain more information than in the Probit case) applying the Smith-Blundell (1986) test. The implementation is as follows (this has been performed for each of the three knowledge management variables):
(1) We run a regression of the knowledge management practice on all exogenous variables and candidates serving as instrumental variables, and obtain the residuals from this regression.
(2) We run the Tobit model as estimated above, but now also include the residuals obtained in step 1.
(3) The standard t-statistic of the coefficient of the included residuals is a valid test on endogeneity of the corresponding knowledge management variable. If the hypothesis that the coefficient of the residuals is not statistically significant is not rejected, we do not find endogeneity.
Performing the Smith-Blundell test requires an instrumental variable that is (a) exogenous -meaning it is uncorrelated with any unobserved firm-specific factors affecting the firms' innovation performance; (b) relevant -meaning it has strong partial correlation with the potentially endogenous regressor to avoid weak instrument bias.
According to Staiger and Stock (1997) Table 2 using a full information maximum likelihood estimator for IVTobit (see e.g. Wooldridge, 2002: 532-533) . Basically all main results as discussed in Table 2 are confirmed by the IV approach, except that the codified management policy loses the significance in the COST% equation. The estimation results are presented in Table 4 in the appendix.
Conclusion
In conclusion, this study shows that knowledge management techniques have a positive effect on the innovative performance of a firm, on average. It appears to be important for a firm to carefully select the techniques of knowledge management depending on the goals in its innovation strategy. More specifically, if a firm wants to reduce costs, it is more valuable to invest in stimuli for employees to share knowledge and to implement a codified knowledge management policy. If a firm, however, aims at introducing new products, it appears to be more beneficial to source external knowledge.
In order to complement our findings it would be interesting to look at the influence of the knowledge management techniques on overall firm performance. The management of knowledge is part of the broader organizational strategy. It does not limit its influence to innovation performance. Knowledge management also occurs in companies which are not involved in any form of technological innovation. Thus, to capture the whole effect of the knowledge management techniques it would be interesting to analyze the effect on broader performance measures such as sales growth or profitability.
In a further step, it would be interesting to link both knowledge management and innovation to firm performance. Earlier research studied the influence of innovation on firm performance frequently. It would be interesting to investigate whether firms that involve in technological innovation stimulated by knowledge management techniques produce superior innovations than other companies not employing specific knowledge management techniques. In a first step, this could possibly be explored within the framework of the frequently used Crepon et al. (1998) Notes: *** (**, *) indicate a significance level of 1% (5%, 10%). All models include an intercept not reported here. The heteroscedasticity term includes 4 size class dummies (based on employment) and the 11 industry dummies. 
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